Introduction
Trampolines were originally invented to assist the Eskimos with hunting game animals by launching young children high into the air to look for animals in the far distance. 1 In 1936, George Nissen patented the trampoline for recreation and competition. 2 Since that time, the popularity of trampolining has waxed and waned, but has always had associated risks of serious injury, including but not limited to spinal cord injury and paralysis. 2 In fact in 1971, the National Collegiate Athletic Association gymnastics committee determined that the risks of trampoline injury were unacceptable and removed it from national competition and training, but reinstated the trampoline for training in 1978.
The popularity of recreational trampoline use continues to escalate, and trampoline-related injuries remain common. 2, 3 According to the National Electronic Injury Surveillance System (NEISS), from 2004 to 2011 there was an estimated 1.002.735 emergency department (ED) visits for trampolinerelated injuries in children. 4 Several recent studies confirm high injury rates despite safety recommendations, and the impact of the growing commercial trampoline recreational park is yet to be realized. [4] [5] [6] [7] [8] Most recently, The American Academy of Pediatrics (AAP) and the Council on Sports Medicine and Fitness (CSMF) released an updated policy statement summarizing reported trampoline injuries and subsequent safety recommendations. 9 The prior AAP policy statement had been released in 1999. 10 From 2004 to 2009, overall injury incidence has decreased, but the annual injury rate remains greater than 30 per 100.000, and severity remains significant. 9 Orthopedic and lower extremity injuries remain most common, and individuals less than 6 years of age appear to be at increased risks for fractures and joint injuries. Based upon assimilated data, this policy statement set forth the following safety recommendations: Trampoline use should be restricted to solo use; adult supervision is required; all safety equipment (padding, netting, level or ground-level use) should be utilized and maintained, and somersaults and flips should not be allowed.
The purpose of this study was to prospectively analyze injury patterns and severity with respect to AAP safety guidelines, and to report parental safety-awareness and behavior in regards to patients presenting for treatment of trampolinerelated injuries to a level 1 pediatric trauma center.
Materials and Methods

Study Design and Population
From December 2007 to April 2010, all consecutive patients seen in the pediatric ED or orthopedic clinic at a level 1 pediatric trauma center, who sustained a reported trampoline-related injury, were identified. Our ED has an annual volume of ranging from 110.000 to 125.000 patients. Families were approached in the area of care delivery for questionnaire explanation and completion by an independent research coordinator. The questionnaire evaluated the physical environment and circumstances leading up to the injury, such as the mechanism of injury, characteristics of the trampoline, circumstances surrounding the injury event, and the environment surrounding the trampoline. Use of trampoline protective gear (nets, pads, spring covers) was also documented. Patients were excluded if the family elected not to participate in questionnaire completion. This study was approved by the institutional review board and the patient's legal guardian provided informed consent to participate. The patient's medical record was reviewed for demographic information and treatment course.
Using the guidelines defined by the AAP in 2009 and again in 2012, as well as the CSMF, we determined prospectively our definition of risk factors for severity of injury. These were defined as: (1) the presence of adult supervision, (2) use of protective safety devices, (3) high-risk maneuver performed at the time of injury, (4) trampoline height, (5) number of participants and size/weight of participant(s) on the trampoline, and (6) age of the patient. The severity of injury was measured by the abbreviated injury scale (AIS), the need for surgical treatment, and the need for a sedation-assisted closed reduction with manipulation of the fracture. The AIS, an anatomical scoring system for ranking severity of injury from 1 (minor) to 6 (unsurvivable), has been well described and validated for classifying injury severity in children (Appendix 1). 11, 12 Given the paucity of multi-system injuries in our patent population, the AIS was selected over the Injury Severity Score to measure the traumatic injury.
Survey Content and Administration
Survey questions were created based on published warnings and guidelines from the AAP/CSMF, recommendations from the US Consumer Product Safety Commission, the International Trampoline Industry Association, as well as risk factors associated with trampoline injuries as detailed by previously published studies. Survey questions intended to better define frequency of use of the trampoline as well as family experience with trampoline use and awareness of possible associated risks were also included. 9 The paper survey was filled out by the parent after being approached in either the ED or the orthopedic clinic once the child had been identified as having sustained a trampoline injury and the parent consented to participation. The research coordinator was available for questions and clarification, but the survey was completed independently by the parent. Surveys translated in Spanish were available for our Spanishspeaking families.
No prior validation or testing of the questionnaire was done prior to administration of the survey at the inception of study enrollment.
Data Analysis
Analysis was performed on data collected using SAS version 9.2. A two-sample t-test was used to compare continuous variables to severity of injury. For categorical variables, a chisquare test was used. Univariate analysis of each risk factor was performed as a screening for possible further multivariate logistic regression analysis; if none were significant in the univariate analysis, no logistic regression would be run, as a probability of finding statistical significance would be extremely low. Statistical significance was defined as p<0.05.
Results
A total of 300 (three hundred) patients who sustained a trampoline-related injury were identified. One patient did not complete the questionnaire, leaving 299 patients eligible for this study. Of the 299 patients, 95 were enrolled from the ED, and 204 patients were enrolled after being evaluated in the orthopaedic clinic. Patient demographics and injury characteristics are summarized in Table 1 . The ethnic distribution of patients enrolled in our study is comparable to our distribution in the ED where 57% of patients identify themselves as "Hispanic", 27% as "black", 9% as "white", and 7% as "other." In our orthopaedic clinic, 52% of the patients identify themselves as "Hispanic", 47% identify themselves as "non-Hispanic", and 1% select "Refused/Unknown".
Of the injuries, 91% were fractures (273/299), 7% (20/299) were soft tissue injuries such as joint sprains, 0.7% (2/299) were facial injuries, 1% (3/299) were visceral injuries, and one patient did not suffer diagnosable injury (Table 2 ). 42% (126/299) of the injuries occurred in patients less than 6 years of age. In this younger age group, 97% (122/126) of these injuries were fractures.
With regards to injury severity data, no patient had a score of 5 (critical) or 6 (unsurvivable) as measured by the AIS. As measured by the AIS, 99% of the injuries were classified as moderate or severe/serious injuries, and in fact, almost half of all injuries were classified as severe or serious (Table 3) . The patients were analyzed by grouping those less than 6 years of age compared by those more than 6 years of age, as per the AAP recommendations. 9 In our cohort, patients less than 6 years of age were not more likely to sustained severe/serious injuries, as graded by the AIS (p=0.81). When grouping patients into those less than 11 years of age compared to those 11 years of age and older, there was again no difference in the incidence of serious/severe injuries as graded by the AIS (p=0.34) ( Table 4 ). Of our enrolled cohort, 48% (143/299) of patients required a procedure or surgery to treat their injuries, with 30% (91/299) undergoing procedural sedation to treat their orthopaedic injury and 17% (52/299) (Table 5) .
Results of the questionnaire are shown in Table 6 . Upon analysis with respect to AAP/CSMF guidelines:
• Recommendation for solo use:
The vast majority of the injuries (86%, 255/299) occurred with more than one child on the trampoline, and 19% (58/299) of the injuries were sustained when there were 5 children or more on the trampoline at the time of injury. An adult was actually jumping on the trampoline with the child in 3% (8/299) of the injuries. Information regarding number of jumpers was not available in 3 patients.
• Adult supervision:
Adult supervision, defined as a person greater than 18 years of age who was actively watching the patient on the trampoline while in proximity to the trampoline (i.e., not indoors while the child was outdoors), was present during 72% (214/299) of the injuries.
• Use of safety equipment:
Protective gear, such as padding, netting, or spring covers, was present on 55% (163/299) of the trampolines.
• Avoidance of somersaults and flips:
A high-risk maneuver (flip, jump from an elevated surface onto the trampoline, etc.) was being performed in 23% (70/299) of the injuries. Only 1 of these injuries sustained during a high risk maneuver was rated minor by the AIS, 35 injuries were moderate, and 34 injuries were ranked as serious. In our cohort, 30% (21/70) of these injuries required operative treatment, 19% (13/70) required a sedation-assisted closed reduction with manipulation of the fracture, and 51% (36/70) were treated nonoperatively (i.e., with casting or splinting).
There was no correlation between risk factors and severity, except that having less children on the trampoline was statistically associated with sustaining a more severe injury (p=0.03) ( Table 7) . Almost half (45%, 19/42) of the single jumpers were performing a high-risk maneuver at the time of injury while only 20% (50/255) of multiple jumpers were performing a high-risk maneuver when they were injured.
Parental awareness and behavior data revealed that 4% (13/299) of the injured children had been previously injured on a trampoline, and 13% (40/299) of respondents reported that another family member had been previously injured on a trampoline. The majority of parents (83%, 248/299) reported that they were aware of the dangers associated with trampolining prior to their child's injury, and 57% (171/299) stated that they would not allow their child on a trampoline in the future.
Conclusions
Consistent with AAP/CSMF reported data, the majority of injuries in our series were orthopedic in nature. However, in our series, 91% were fractures as opposed to less than 50% fractures across all age groups in NEISS data. This may be a reflection of both the type of patient presenting and transferring to a tertiary urban center as opposed to pooled multi-center data as well as bias due to 68% of patients (204/299) being enrolled through the orthopaedic clinic.
Although we attempted to identify and enroll all patients presenting to our ED with trampoline use as mechanism of injury, the majority of patients were identified through our orthopaedic fracture clinic, skewing the types of injuries seen in this cohort. However, our results are consistent with that of the study by Eberl et al. 13 which found that 40% of injuries were severe (defined in that series as any fracture or ligament rupture). Furthermore, the authors found that use of a trampoline was associated with a significant risk of bodily harm at any age. 13 The preponderance of injuries in the spring season might be attributed to milder weather in our geographic location; in our area, summer temperatures commonly exceed 38° Celsius for multiple months, leading to heat advisories from the National Weather Service that limits outdoor play. Colder weather in the winter also discourages children from playing outdoors, and may limit trampoline use during winter months.
The NEISS data and the AAP/CSMF policy suggest that children younger than 6 years of age are at a possible risk for higher severity injuries (defined as fractures as opposed to soft tissue). While our series showed this age group to be a significant percentage of overall injured children (42% (126/299) of the injuries occurred in patients less than 6 years of age), when using an injury severity score as a more definitive measure of severity, we found that patient age less than 10 years was significant for more severe injury as measured by the AIS (p<=0.045). The stated risk factors of no adult supervision, absence of safety equipment, and flip maneuvers were not found to be associated with increased severity of injury in this study. Interestingly, while the majority of injuries occurred with multiple jumpers, the presence of a lesser number of children was associated with higher injury severity as measured by AIS. While surprising, almost half of the children who were the sole jumper on the trampoline were injured while performing a high risk maneuver such as a backflip or other gymnastic maneuver. It may be postulated that children who are on the trampoline by themselves may feel emboldened to perform riskier maneuvers than those children who are jumping with multiple jumpers, or that jumpers of higher skill level jump alone and may more commonly attempt high-risk maneuvers.
With regards to AAP/CMSF safety recommendations, the most significant possible reduction in injury could have been seen by following the recommendation for solo use. 86% of injuries in our study occurred with more than one child on the trampoline. This number is identical with the report by Rättyä and Serlo 14 that also documented multiple jumpers in 86% of cases (57/76 patients). However, over half of our families reported safety equipment present on trampolines (55%), and the majority (77%) of injuries occurred in nonflipping activities-suggesting that reduction in injury incidence may not be as significant by increasing compliance with these recommendations. Finally, with regards to adult supervision, 72% of injuries were reported to occur when adult supervision was present. This finding seems to contradict the recommendation that adult supervision is an important safety measure. As injuries can occur in an instant, it is unlikely that an adult watching a child on a trampoline can act quickly enough to prevent an impending injury.
Responses surrounding parental awareness and behavior provide some possible insight for future injury prevention and safety campaigns. The vast majority (83%) of parents reported that they were aware of the dangers associated with trampolining prior to their child's injury. As a result of this event, over half (57%) stated that they would not allow their child on a trampoline in the future. While that may be expected in some parents, the survey also supplied some data that may suggest repeated use and possible repeated unsafe behavior can be expected-17% of respondents reported that the same child or another family member had been previously injured on a trampoline. As most parents report prior knowledge of safety risks and there was significant incidence of repeat injury, a more bold, concise, and direct messaging campaign may be required.
Limitations to this study include sample bias, as these are patients who present to a tertiary level I center, and this study may exclude lesser injuries that did not present to a tertiary referral center. In addition, self-reported data may not be accurate with respect to true injury circumstances and safety equipment, and some parents did not know the exact circumstance of their child's injury. Our study population is biased for orthopaedic injuries, as 68% of our patients were identified through the orthopaedic clinic, with 91% of patients sustaining fractures. Recent NEISS data report a 29% fracture rate, and therefore our cohort may not be applicable to a population evaluated in other settings. 14 This study is consistent with the epidemiologic study done by Smith and Shields in 1998 that called for the abandonment of trampoline use as a backyard activity. 15 Our findings support a policy banning trampoline use in the home setting, as almost all of our injuries occurred during home trampoline use. Trampoline manufacturers targeting family consumers extol the virtues of their safety designs, which are in line with AAP
recommendations, yet these safety devices did not decrease severity of injury in this study.
In consideration of AAP/CSMF guidelines, the large majority of injuries occurred with multiple users jumping. Additionally, more than 70% of injuries occurred in the setting of parental supervision. However, adult supervision, use of safety devices, avoidance of high-risk maneuvers, and higher number and size of participants were not associated with less severe injuries.
In order to focus on public awareness and safety campaigns, a more concise message targeting the concept of solo use only as well as the increased risk in children less than 10 years of age may be useful to reduce overall injury incidence. However, our data suggest that repeated use of the trampoline and unsafe behavior can be expected despite warnings, as 17% of respondents reported a previous trampoline injury in the same child or a family member, and 83% affirmed that they were aware of the dangers associated with trampolines prior to the injury. Children are at risk for serious injuries when participating in trampoline recreation regardless of age.
Ultimately, our results demonstrate that, despite following AAP recommended guidelines, there is no such concept as "safe trampolining" at home, and severe injuries occur despite the best vigilance of parents. 
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